Abstract: The population growth, economic development with the consequent anthropogenic activities at the Nile Delta of Egypt addresses the present-day hydro-environmental status and quality deterioration trends of surface Nile River water. The hydrochemical fingerprints of surface waters revealed the effects of points and non-points sources of pollution. The relative low Cl -and SO 4 2-in Nile water of Damietta and Rosetta branches precludes subjacent sources of polluted water. Mixing of surface Nile waters with other drainage polluted ones was revealed by Ludwig-Langelier and Piper diagrams, where there is a general tendency towards no-dominant water type's regime in the Nile River branches with a certain modification in the hydrochemical facies of the drains waters. This modification is due to their pollution by point and non-point sources. The general tendency of water quality deterioration is generally towards the north. The pattern given by the multivariate statistical clustering technique for water quality discrimination indicated that the chief pollution sources prevalent had some commonality, which reveals similar phenomena of mixing and deterioration pattern, as the water, in general, is coming from one source (Nile River), which was subsequently modified by the natural and anthropogenic activities. The picture with respect to the nature of existing pollutants revealed the tendency of areas associated with parameters like the anthropogenic activities are getting widespread (not concentrated) over the whole area of study.
INTRODUCTION
Nile River Delta (24,900 km 2 ), like many similar deltas of the world, holds ecological and economic values and is a major center of population and agriculture (Fig. 1) . In the presence of adequate fluvial sediment supply and minimal human influence, deltas generally maintain their integrity and/or continue to extend seaward [1] . By taking into account the water problem, the World Health Organization (WHO) has recently reported that the two biggest components of the global water crisis are the contamination of drinking supplies with human discharge and the massive wastage of water that is inherent in prevailing agricultural practices (Nature, 6929 issue). The geo-environmental status of Nile Delta in the last few decades had been changed adversely, due to natural and anthropogenic effects. These changes were accelerated due to the previously mentioned parameters, in addition to the universal global warming and over population [2] . In Egypt, the Nile delta represents about 60 % of the total arable lands and it is inhabited by about 30 million people.
The main natural and anthropogenic activities that induced changes in Nile Delta were summarized by Stanley and Warne [3] . Since the closure of the Aswan High Dam in 1969, nearly most of the sediments carried by the river are entrapped behind the dam. This sediment trapping has resulted in a sharp decrease in sediment supply to the delta. Coastal erosion, wetland loss and saltwater intrusion *Address correspondence to this author at the Department of Water Resources, National Authority for Remote Sensing & Space Sciences (NARSS), 23 Josef Brows Tito Street, Nozha Gedida, Cairo, Egypt; Tel: +202 26225834; Fax: +202 26225800; E-mail: hossh2@yahoo.com into Nile delta's aquifers have all been attributed to the decreased sediment input and associated subsidence. Coastal erosion rates close to the Rosetta and Damietta promontories range from 10 to greater than 100 m/year. In addition to damming, a dense network of irrigation and drainage canals in the delta has trapped much of the remaining sediment, thus preventing it from reaching the coastline.
Depending on a reasonable cluster of recent data and sampling program, the present work aims to throw light upon the present-day hydro-environmental status and quality deterioration trends of surface Nile River water in the Nile Delta area. The trends and magnitude of deterioration could be used as a guide for setting-up an efficient future management 
Area of Study
The Nile Delta area is totally covered by Quaternary deposits consisting of Nile silt, clay, sandy clay, sands and gravels (Fig. 3) . Deep oil drilling in the studied area revealed a very thick sedimentary succession. In the southern part of the Delta, a succession of Jurassic-Holocene of about 3214 m thick is encountered. In the middle parts of the Delta, the Quaternary succession is about 500 m thick. In the northern part of the Delta, the lower Miocene to Holocene sequence attains a thickness of about 3583-4183 m.
Nile Delta comprises precious water resources of great value to humanity. In the last few decades, humans induced vital anthropogenic changes, which have globally outstripped the natural evolutionary processes of the Nile Delta. The changes especially included the contraction of fertile agricultural areas, conversion of non-agricultural areas to agricultural ones (rehabilitation or reclamation), deterioration of agricultural areas, and disruption of the hydrological regimes, which negatively impacted the water quality. This is primarily through water consumption, diversion of the river water for irrigation, discharge of irrigation waste water into the river channels and in situ water use within the river channels.
GROUNDWATER CONDITIONS
The Quaternary deposits in the Nile Delta form a huge groundwater reservoir (Figs. 3,4) . These deposits cover the whole Nile Delta area with a great thickness ranging from about 200 m in the southern part to 1000 m in the northern one. The thickness of succession is thinning southwards and on the fringes of the delta. These deposits are water-bearing of free to semi-confined and confined nature according to the lithology of Holocene cap bed, which increases in thickness due north. Generally, the Pleistocene aquifer is free in the south and both fringes, whereas becoming semi-confined and locally confined towards the north (Fig. 4) . Fig. (4) . a) Hydrogeological cross section from south to north of the study area showing the framework groundwater regime in the study area. b) Key map for cross section (A-A'). The Quaternary aquifer is composed mainly of Nilotic loose quartz sands interbedded with thin clay beds (Mit Ghamr Formation of Pleistocene age). It is generally capped by relatively thin characteristic muddy cap beds (Bilqas Formation of Holocene age). The maximum thickness of Bilqas Formation is 71 m in the north and 77 m in the east, decreasing gradually towards the south [6] (Fig. 4 a & b) . At the northern fringes of the Delta, the sediments forming the aquifer are deposited under fluvio-marine environment and are frequently affected by the salt water incursion and the recent salinization trends resulting from the sea level rise in the last few decades [7] .
The Holocene deltaic deposits saturating the subsoil water form a leaky aquifer. Groundwater in these deposits exists at shallow depths of about 1 to 1.5 m below the ground surface. The aquifer is chiefly recharged by the vertical infiltration from irrigation canals and drainage water. The infiltration velocity of irrigation water ranges from 0.01 m/day in the north to more than 6 m/day in the south of the Nile Delta [8] . Replenishment from the underlying sands and gravel aquifer through the upward leakage is also possible. The hydraulic parameters of this leaky aquifer vary greatly according to the change in lithology [9] . The transmissivity (T) range is 5000-25,000 m 2 /day in northern parts of the delta and 5000-10,000 m 2 /day in the southern ones (Table 1) , whereas the hydraulic conductivity (K) ranges from 120 m/day in the southern parts to 50 m/day in the northern ones (Fig. 4 a & b) . Storage coefficient (S) of the aquifer ranges from 1 10 -3 in the southern parts of the delta to 9 10 -4 in the northern ones [8] .
At the southern parts of the Nile Delta, the Pleistocene aquifer is entirely saturated with fresh water. At Tanta, in the middle-Delta, however, only the upper 350 m of the Pleistocene aquifer, which measures about 500 m, is saturated with fresh water. This 350 m fresh groundwater is resting upon the deteriorated deeper saline water (Fig. 4 a & b) .
The groundwater levels of the Pleistocene aquifer range from 16 mbgl in the southern parts of the delta to less than one meter below ground level in the northern ones [10] . Direction of groundwater flow is from south of the delta towards the north, northwest and northeast.
Lithologically speaking, the cap beds (Bilqas Formation) have sandy facies to the west, becoming clayey to the north and east with some local inclusions of brine water near the northern lakes. This lithological facies change may make control of quality and pollution of groundwater more difficult. At southern Nile Delta, unconfined aquifer is overlain by a permeable layer that allows surface water from the Nile River, surface and/or subsurface drains to percolate down to the water table. Consequently, the groundwater is generally recharged over a wider area and is often shallow with a tendency for interaction with surface water. To the north of the Nile Delta, confined Pleistocene aquifer is less vulnerable to pollution from the direct recharge zone because surface water and contaminants cannot percolate to the water table. If contamination does occur, however, it is often difficult to remedy because confined aquifers are usually deep and the number of points where contaminated water may be pumped out is limited.
The greater vulnerability of unconfined aquifers at the southern parts of the Nile Delta to contamination is a result of the wider area over which they are recharged and through which contamination may occur. However, greater interaction with polluted surface water bodies may lead to contaminants' movement into deeper groundwater horizons to the north [11] ( Table 2 ). The risk of contamination will depend on the thickness of the overlying unsaturated layer, the rate of infiltration to the water table and the land use pattern of the area.
The Nile Delta groundwater vulnerability to pollution is largely determined by the thickness of the clay cap layer, depth to groundwater, rate of recharge, and direction of natural groundwater flow ( Table 2 ). According to these parameters, the Nile Delta region could be distinguished into four categories; I) the reclaimed neighboring desert areas with moderate to highly vulnerable groundwater, due to the presence of sandy formations with high infiltration capabilities and low adsorption capacities, although the groundwater is relatively deep, II) the traditionally cultivated area with moderate to low vulnerable groundwater due to the presence of a clay cap bed, III) the transition zone between the old and reclaimed areas, with highly vulnerable groundwater due to the presence of sandy soil and shallow groundwater level, and IV) the northern part of the delta with very low vulnerable groundwater due to the presence of a thick top clay cap and upward groundwater flow.
SURFACE WATER CONDITIONS

Fresh Water
There are two branches of the Nile River; the Rosetta and Damietta (Figs. 3-5) . Rosetta is the western branch of about 239 km long and variable widths of 450-1000 m. It is characterized by variable depths with an average range of 12-20 m (the depth is indicated between banks and bottoms). The branch cuts fine and medium sand of top Holocene sediments in its southern and middle parts, whereas it cuts silty clay with occasional sand lenses in its northern reaches. Therefore, the hydraulic connection between the branch and groundwater is well pronounced in its southern part than that in the northern one [12] . The water level in the Rosetta Branch is controlled by two barrages; Delta Barrage in the south and Idfina Barrage at about 197 km to the north. On the other hand, the Damietta Branch is about 230 km long with variable widths of 300 and 500 m. This branch is characterized by variable depths with an average of about 8 m (Fig. 5) .
Drainage Water
It includes the irrigation canals and the drains. These are widespread over the Nile Delta area. The majority of canals and drains system run towards the Mediterranean coastal plain and discharge their water into the northern lakes or the sea (Fig. 5) .
Three main drains systems are established in the Nile Delta; Gharbia main drain at the Middle Delta, El-Ummoum main drain at Western Delta and Bahr El-Baqar main drain at Eastern Delta (Fig. 5) . The water table in the open drains is generally maintained at 2.5 m below ground surface. The open drains system now includes a total of 18,000 km drains lengths, with bed widths varying from 1 to 30 m and depths from 2.5 to 6 m [13] .
Saline Water
The saline water bodies are represented by the Mediterranean Sea, Lakes Burullus, Manzala, Idku and Mariut (Fig.  5 ).
Methods and Techniques
In order to study the present-day surface water quality status and pollution potentiality of the Nile Delta, twenty five water samples (samples 1-25) were collected from the irrigation canals and drains of the Nile Delta in 2007. Additionally, nine water samples (samples 26-34) with samples from their bottom sediments were collected from the Nile River Rosetta and Damietta branches ( Fig. 5 ; Tables 3-5 ) [14] . The 34 water samples were collected from selected locations in Rosetta and Damietta Nile River branches and drains, to express the overall true situation.
The field work included the in situ measurements of oxygen content, pH and electrical conductivity (EC). All samples analyses were performed according to the Standard Methods for the Examination of Water and Waste Water [15] . To describe the water quality for the study area, the following data were obtained:
Chemical Oxygen Demands (COD) and Total Suspended Solids (TSS);
• Salts: Electrical Conductivity (EC), Total Dissolved Solids (TDS), and Sodium Adsorption Ratio (SAR);
• Nutrients: NO 3 -N and NH 4 -N.;
• Heavy Metals: Cd, Cu, Fe, Mn, Zn Pb, Ni, Ba and B.
Grab samples of waters and bottom sediments from Rosetta and Damietta Nile branches were collected. Water samples were collected in 250 ml plastic bottles at one-half the total water depth. Sediment samples were cored as 3 cm in diameter and 5 cm long. Water samples were preserved with nitric acid and sediment samples were frozen until metal analyses were made. Grain size analysis of the collected sediment samples were performed, which resulted in the definition of textural classes ( Table 6) .
A detailed study of mixing patterns of surface waters in Nile River branches with the water from irrigation canals and drains was performed. The salinization trends were also elaborated. The pollution potentialities were elaborated through the investigation of pollution sources (point and Investigation of statistical relationships of water dissolved constituents and the environmental parameters, such as heavy metals, using multivariate statistics (cluster analysis) provided a powerful tool for analyzing water-chemistry data. This method was used to test the water quality data and determine if samples can be grouped into distinct populations (hydrochemical groups).
RESULTS AND DISCUSSIONS
Sources of Pollution and Drainage Water Reuse
The yearly discharges of irrigation water to the coastal lakes (Burullus, Manzala, Mariut and Idku) and Mediterranean Sea are about 15.21 billion m 3 /year (bcm/y), with an average salinity of 2346 mg/l. This quantity is divided among the three delta's regions as 4.169, 6.363, and 4.682 bcm/y for Eastern, Middle, and Western Delta, respectively [13] .
If compared with the reused quantities of drainage water, the total quantity of the official drainage water reused is about 5.289 bcm/y. The average salinity of the reused drainage water is about 1100 mg/l [13] . This polluted water when disposed into these natural water bodies will disrupt their environmental balance.
In Eastern Delta, Bahr El-Baqar main drain system discharges about 2.091 bcm/y of irrigation water with a maximum salinity and organic matter (BOD) of about 3350 and 87 mg/l, respectively to Lake Manzala (Tables 3-4 ). This water is polluted by industrial and urban waste water and is considered to be unsuitable for reusing and needs the application of specific treatment before reuse.
From Gharbia main drain system in Middle Delta, 1.017 bcm/y [13] is discharged to the sea with a maximum salinity and organic matter (BOD) of about 3696 and 72 mg/l, respectively (Tables 3-4) . The total quantity of yearly official reuse is about 1.5 bcm/y.
From El-Ummoum main drain system in Western Delta, 2.533 bcm/y [13] is pumped to the sea with a maximum salinity and organic matter (BOD) of about 4160 and 60 mg/l, respectively (Tables 3-4) . The quantity of reused drainage water depends on the discharge of Ummoum Drain and other sources coming from the newly cultivated lands in Nubaria.
Hydrochemical Fingerprints of Environmental Deterioration
Total dissolved solids (TDS) were measured in mg/l and the samples of fresh water collected from Nile branches and those collected from drains were up to or over the maximum admissible concentration of total dissolved solids as stipulated by the WHO [16] . The guideline of water conductivity is 400 dS/cm. From our data, out of the 34 samples, 3 exceeded this guideline ( Table 3 ).
The relative low content of chloride (Cl -) and sulfate (SO 4 2-) in samples collected from the Nile River Rosetta and Damietta branches precludes subjacent sources of poor water quality that might be produced due to proximity to the biologic influences, polluted point sources (industrial and sewage) or non-point ones (agricultural waste water). As the Ludwig-Langelier diagram (Fig. 6) elucidates that the drains waters have higher combined relative sodium and potassium content compared to Nile River waters ( Table 3 ). The fact that the chloride and sulfate levels are elevated suggests that the sodium and potassium are derived from mixing with other polluted sources of water. The same trend is reflected by Piper trilinear diagram (Fig. 7) . It can easily be shown that the analysis of any mixture of waters will be plotted in a straight line [18] (Figs. 6-7) . 
The Hydrochemical Facies Evolution of the Surface Nile River Branches and Drains
The Piper trilinear diagram ( [19] ; Fig. 7) is the most widely used graphical method for the delineation of hydrochemical evolution and identification of the dominant processes that control water chemistry. It is quite similar to the diagram proposed by Hill [20 and 21] . This diagram was subsequently modified by Back [22] and Back and Hanshaw [23] to segregate the water-type categories (hydrochemical facies) that form the basis for one common classification scheme for natural waters. Additionally, mixing of water from different sources or evolution pathways can also be illustrated by this diagram [24] . Fig. (7) shows the hydrochemical facies segregation represented by "water types" of surface Rosetta and Damietta Nile waters (samples 26-34) and the agricultural drains (Samples 1-25) ( Table 3 ). The samples of Rosetta and Damietta branches are classified into a variety of water types including Ca-Na-Mg-HCO 3 -Cl-SO 4 (or Na-Ca-Mg-HCO 3 -Cl-SO 4 ), Na-Ca-HCO 3 -Cl-SO 4 , Na-Ca-Mg-HCO 3 -Cl (or Ca-NaMg-HCO 3 -Cl) and Na-Ca-Mg-Cl-HCO 3 . These water types reflect the predominance of bicarbonate alkaline earth waters with higher alkali contents, but with a general tendency towards no-dominant water types' regime. The pH range is 7.36-7.98, reflecting the slightly alkaline water. The total salinity varies from 254 to 575 mg/l, with a general trend of increase towards north.
On the other hand, the major water types of drains near the northern part of the Nile Delta is Na-Ca-Mg-Cl-HCO 3 -SO 4 (or Na-Mg-Ca-Cl-HCO 3 -SO 4 ), Na-Ca-Cl-HCO 3 -SO 4 (or Na-Mg-Cl-HCO 3 -SO 4 ) (samples 1, 2, 4, 5, 7, 8, 9, 10, 14, 15, 16, 19, 20, 23 and 25) , where the samples were taken from the drains occurring nearby the saline disposing water bodies represented by the Mediterranean Sea, Lakes Burullus, Manzala and Idku. The drains near their outlets become enriched with the components of agrochemicals and other pollutants, which modify their hydrochemical facies. These samples are characterized by a relative high TDS content, which varies from 596 to 4160 mg/ l, with a general trend of increase towards north. The relative higher water salinity (4160 mg/l; Sample 20) reflects the heavy dissolved load of El-Ummoum drain system and Kafr El-Dawar industrial effluents. The pH value is 6.92-7.56, which characterize water of slightly acidic to slightly alkaline nature. The other southern drains waters are characterized by a relative lower salinity with a general hydrochemical facies of Na-Ca-Mg-Cl-SO 4 -HCO 3 (or Na-Ca-Cl-SO 4 -HCO 3 ) (samples 3, 6, 11, 12, 13, 17, 18, 21, 22 and 24). The pH range is 7.13-7.85, which refers to slightly alkaline water with a total salinity range of 566-3350 mg/l. However, higher salinity samples (having same water type) were taken at the outlet of El-Ummoum drainage system near Lake Mariut and at the contact of the Mediterranean Sea (Alexandria Cosmopolitan area). In conclusion, the drains water types had resulted from mixing of different types under different complex physico-chemical processes.
Multivariate Statistical Techniques as a Tool for Hydrochemical Facies Discrimination
Another approach to understanding the chemistry of water samples is to investigate the statistical relationships among their dissolved constituents and environmental parameters, such as heavy metals, using multivariate statistics [25] . Statistical associations do not necessarily establish cause-and-effect relationships, but do present the information in a compact format as a first step in the complete analysis of data and can assist in generating hypotheses for the interpretation of hydrochemical processes [26] . Statistical techniques, such as cluster analysis, can provide a powerful tool for analyzing hydrochemical data. Cluster analysis was successfully used, to classify Nile and drains water samples into similar geochemical facies.
Four distinct clusters were observed irrespective of the location (Fig. 8) . Cluster analysis indicated that the chief pollutant sources prevalent in these collecting stations had some commonality. It is relevant to indicate that Group III and Group IV occur at relatively elevated places having higher altitudes compared to other two groups (I and II). Cluster (Group) III includes all the Nile Branches water samples in addition to the similar facies of water drains. The 5  6  7  8  9  10  11  12  13  14  15  16  17  18  19   20  21   22  23  24  25  26  27  28  29  30  31  32 pattern given by the dendrogram reveals similar phenomena of mixing and deterioration, as the water, in general, is coming from one source (Nile River), which subsequently was modified according to the nature of land use pattern, physiographic features and local sources of pollution. In such case, salinization trend given by the dendrogram is obvious, where the relative salinized samples (1, 4, 18 and 23) where included in one cluster (Group I), located at the northern part of the study area. This cluster represents the most polluted form of these similar hydrochemical facies.
The picture with respect to the nature of the existing pollutants (i. e. heavy metals, BOD, COD, TSS, etc) as brought out by the cluster analysis is characteristic (Fig. 9) . Four emerged distinct clusters or groups were elaborated. However, 16 samples were embraced within Group I and II, which belong to the drain water quality. Whereas Groups III and IV comprise the rest of samples belonging to the water of Nile branches and drains. The reason for this was the tendency of areas associated with parameters like "anthropogenic activities" are getting widespread over the whole area of study (especially, the non-point agricultural sources of pollution and other waste waters). However, the pollutants levels, suggest that the concentration was mostly governed by the land-use pattern of the area, where it is relatively intensive in some areas of the drains (groups I and II), which led to the modification of original water quality by the nonpoint sources of pollution (i.e. agrochemicals and others).
Heavy Metals as Environmental Indicators
Heavy metals are elements having atomic weights between 63.546 and 200.590, and are toxic or poisonous even at low concentrations [28] . Living organisms require trace amounts of some heavy metals, including cobalt, copper, iron, manganese, molybdenum, vanadium, strontium, and zinc. Excessive levels of essential metals, however, could be detrimental to the organism [29] . Naturally occurring metals move through aquatic environments independently of human activities, usually without any detrimental effects. Nonessential heavy metals of particular concern to surface water systems are cadmium, chromium, mercury, lead, arsenic, and antimony [29] [30] [31] . All heavy metals exist in surface waters in colloidal, particulate, and dissolved phases. Metals in the Nile River and Delta come from natural as well as anthropogenic sources.
The sampling of heavy metals from bottom sediments of Rosetta and Damietta Nile branches has been performed in the same locations where water samples were collected, with same numbers (Samples 26-34, Table 5 ). Bottom sediments of Rosetta and Damietta Nile River branches are composed of a complex mixture of solid phases that may include clays, silica, organic matter, carbonates and large bacterial populations. Table 6 shows the grain size distribution in bottom sediments along Rosetta and Damietta branches. The samples of these sediments were analyzed for heavy metals (Fe, Mn, Ba, Pb, Cd, Cu, Ni and Zn). There are three possible mechanisms by which trace metals may be taken up by sediments [32] : 1) physico-chemical adsorption from the water column, 2) biological uptake by organic matter or organisms, and 3) physical accumulation of metal enriched particulate matter by sedimentation or entrainment.
In recent years there has been a significant debate within the scientific community as to the effect of grain size on the adsorption of heavy metals in sediments [33] . Particle dimension is one of the most significant parameters influencing trace metals levels in sediments. Bio-available sedimentbound metals depend, to a great extent, on the particle size fraction with which a metal is associated. Traditionally, the fine particles (silt and clay) fraction of the sediment has been used to examine metals [34] . In the present paper, the performed grain size analysis on the collected bottom sediments samples of Rosetta and Damietta Nile branches revealed a significant variation between both branches. The percentage of fine particles in Damietta Nile Branch (Samples 30-34) is much more than that of Rosetta Branch. Consequently, it is suggested that the concentrations of organic matter and adsorbed heavy metals in the fine-grained fraction of the sediments were often higher than that in the sand-sized fraction. Tam and Wong [34] reported that Cu, Zn, Mn, Pb, Ni, Ba, Cd and Fe increased in concentration with finer sizedsediments (Tables 5-6 ; Fig. 5 for locations) . Although more metals were retained in the fine-grained sediments in most samples of Damietta Branch, metals would be accumulated in the sand-sized fraction of Rosetta Nile Branch, if the bot- Fig. (8) . Dendrogram using Ward's method [27] for classifying the hydrochemical facies of surface Nile River branches and drains. Fig. (9) . Dendrogram using Ward's method [27] for classifying the pollutants distribution in mid and northern Nile Delta. Previous workers stated that the clay fraction is more important substrate for metal attachment and metal concentrations tended to increase from sand to silt (up to a 2 fold increase), whereas, the increase from silt to clay averages a 4-5 [34] (Tables 5-6 ). It is infrequent that the predominately coarse-textured soils and sediments become contaminated with problematic levels of trace and toxic metals because such minerals have a low affinity for these elements [33] . So, the primary decisive element behind the enriched metals in Damietta Nile branch bottom sediments compared to that of the Rosetta Branch is the bottom sediments grain size rather than the pollution magnitude or severity.
As can be seen from Table 5 , metal levels in bottom sediments of Nile River Rosetta and Damietta branches (Samples 26-34) exist in the order Fe>Mn>Ba>Zn>Cu> Ni>Pb>Cd.
On the other hand, the surface fresh Nile River water (Samples 26-34, Table 4 ) revealed a sequence of dominance of Fe>Mn>Zn>Ni>Pb>Cd. The samples taken from the drains revealed another sequence of Fe> B>Mn>Zn>Cu> Ni>Pb>Cd, which reflects the fingerprints of agrochemicals and wastewater disposals. All samples of bottom sediments and drain waters attain high levels above those recommended by the US EPA standards [35] .
Cadmium concentrations in the bottom sediments range from 0.10 to 0.80 mg/kg, which are low and beneath the contamination levels in sediments (80 mg/kg) [35] . The same conclusion could be attained with the surface water samples of Rosetta and Damietta Nile branches. Cd is potentially toxic element and has a long biological life of 20-30 years in the kidney [36] . Chronic exposure may eventually accumulate to toxic levels, one of whose consequence may be Itaiitai Byo disease, which is characterized by anemia, damaged proximal tubules, severe bone pain and mineral loss [37] . Recommended level for Cd in water by WHO [38] is 0.003 mg/l. Six samples out of 25 drain water samples were above this level (Samples 2, 3, 9, 13, 14, and 24), whereas all samples taken from the fresh waters of the Nile branches were within the permissible levels ( Table 4) . However, higher levels of cadmium may be found in water near industrial effluents or hazardous waste sites (i.e. near Talkha fertilizers manufacturing area in Mansura in East Nile Delta and others).
Higher levels of copper concentrations are established within the bottom sediments of Damietta Branch reaching 26.50-61.20 mg/kg compared with the relative low levels at Rosetta Branch (0.42-0.75 mg/kg) ( Table 5 ). Copper levels in fresh water samples of Rosetta and Damietta branches (0.001-0.005 mg/l) are within the accepted levels of US EPA standards [35] , but increase in the drains waters to 0.01-0.47 mg/l, which occur under the effects of different pollutants. In all instances, these levels are of little environmental effects ( Table 4) .
Zinc is a ubiquitous essential trace metals and is considered to be relatively non-toxic [31] . All the samples contained Zn in reasonable concentrations. Happily, zinc does not accumulate with continued exposure; rather, body content is modulated by homeostatic mechanisms that act mainly on absorption and liver levels [39] . From the results of recent researches, the zinc level prescribed by the WHO [38] is 3 mg/l. The US EPA [35] states that zinc concentration in sediments must be above 360 mg/kg to be considered as a contaminant. Levels in bottom sediments are found to be 4.95-83.90 mg/kg (Table 5) , 0.005-0.06 mg/kg along the Rosetta and Damietta Nile water and 0.010-0.476 mg/kg in the drain waters ( Table 4 ). All concentrations can be considered to be within the permissible levels and present little or no environmental hazards.
Manganese is an essential element and co-factor for several enzymatic reactions. Higher levels of manganese reaching 492-1970 mg/kg are established at Damietta Nile Branch bottom sediments (Samples 30-34), which are high compared to those of the Rosetta Branch (28.35-50.40 mg/kg; Samples 26-29) ( Table 5 ). It would appear that these levels pose a somewhat risk to the surrounding environment and should be closely monitored to prevent any further increase. The concentrations would suggest more discharge rates than the other sampling sites. WHO [16] action level for Mn in water is 0.1 mg/l. The surface fresh water samples attain low [40] .
Lead is the most ubiquitous toxicant in the environment [41] . Therefore, body levels depend on the environmental conditions of exposure. Lead may impair renal function, red blood cell production, the nervous system and causes blindness. According to the US EPA Standards [35] , lead (Pb) levels in sediments over 110 mg/kg are deemed to be high and can begin to have a small but detrimental effect on the surrounding environment. Since the levels from bottom sediments of Rosetta and Damietta Nile branches are below the standards (0.50-17.70 mg/kg; Table 5 ), they are not extreme (0.005-0.017 mg/l) in water samples of Nile River branches with an overall range (0.006-0.163 mg/l) in drains waters, where only two samples (24 and 25; Table 4) were above the recommended level (0.10 mg/l) prescribed by the WHO [38] . Although the problem does not appear to be extensive but is still substantial and needs to be monitored to prevent any permanent rising in level. Industrial effluents to the Nile must be treated to sustain reasonable Pb levels.
Transition Metals: Iron and Manganese
Dissolved iron (Fe 2+ ) and manganese (Mn 2+ ) are nuisance contaminants common in groundwater sources that are anoxic or anaerobic (devoid of dissolved oxygen). Neither metal is toxic to human health in any concentration. Indeed, both iron and manganese are micronutrients required for most forms of life. Nevertheless, even small concentrations of either Fe or Mn have unpleasant effects in drinking water supplies. Both iron and manganese can be tasted at concentrations of less than 0.5 mg/l. At this and higher concentrations in most samples taken from the running Nile River and drains water are higher than the recommended levels. The U.S. EPA [35] has established maximum contamination levels of 0.2 mg/l for iron and 0.05 mg/l for manganese to safeguard against nuisance effects of water taste. The higher levels of these two elements may be a function of water stagnation under low flow conditions and thus the water is not sufficiently oxygenated. Though, increasing the Nile water discharge may make the concentration of these metals to drop down beneath the detection levels. Iron is an essential metal but due to the frequent acute and chronic Fe over load, which may result in renal failure and hepatic cirrhosis, it is worthy to note its adverse effects which is usually common [42] . Considering the WHO standard [38] of 0.01 ppm, some of the samples was excessively overloaded (Tables 4-5) . Samples of drains waters carry levels of 0.209-1.143 mg/l, which are far from the recommended ones. Rosetta and Damietta Nile waters are of lower ranges, but still higher than the recommended ones ( Table 4) . The results from the bottom sediments were well outside the recommended levels for Fe in sediments [35] , where levels of (262.5-29085.0 mg/kg, Table 5 ) were elaborated. These extremely high levels are as a result of all anthropogenic activities that take place around the Nile River.
Nutrients: Nitrate and Ammonia
Nitrate (N-NO 3 -) is an important indicator of domestic, agricultural, industrial, and urban pollution [43] . Very few earth materials are made of nitrate minerals, and as a result, the presence of this anion in water usually indicates pollution from either non-point (agrochemicals and urban runoff) or point sources (wastewater treatment effluents). Although natural life processes do introduce nitrate to the environment (through bacterial nitrogen fixation, or the decay of proteinaceous organic material), their inputs are balanced in healthy aquatic environments by the natural demand of the ecosystem and the uptake of nutrients by algae and plants. Nitrates promote algal and other vegetable growths in the main stream and branches of the Nile River (Nile Roses), which resulted eventually in a severe eutrophication. Generally, relative higher concentrations of nitrates are detected in drains waters than in Nile water, which is due to the excessive use of agrochemicals and dead organic remains ( Table  4 ). The US EPA [35] regulates domestic American water supplies with a maximum contamination level for nitrate in drinking water of 10 mg/l.
Increases of N-NO 3
-and decreases in N-NH 4 + have been identified in several Nile River locations (Samples 26-34) ( Table 4) , with a general trend of increase towards north (Nile downstream). Particularly, these trends likely reflect the improved aeration of wastewater effluents, whereby ammonia is nitrified to nitrate. It is also possible that reduced loading of oxygen demanding materials allows the river streams to remain aerated, thus decreasing the in-stream production of ammonia. In all instances, the N-NH 4 + levels in the study area reflects higher values if correlated with the natural ranges recorded for healthy and unpolluted rivers (0.005-0.04) [44] .
BOD, COD and (TSS) are vital tests for the assessment of the quality of effluents and waste waters prior to discharge [43] . The BOD of the Nile River stream is relatively much lower than that recorded for the drains waters. In anaerobic conditions, failures are often due to the incorrect levels of carbon, nitrogen and phosphorous. In this case, the anaerobic microbes required to perform the degrading function will die if not provided with the correct balance of nutrients. As they oxidize they produce acid, which disrupts the total balance of the microbial populations. Due to the competitive nature of microbes, the non-beneficial bacteria will dominate producing an excessive level of pathogens and toxins. This will lead to "stalling" or grid-lock and high BOD's with foul odors as noticed everywhere around any drain canal in the Nile Delta. Higher levels of BOD, COD and TSS are established in the drains waters, where values of 18-87 mg/l for BOD, 27-143 mg/l for COD, and 33-122 mg/l for TSS (Table 4) occur.
CONCLUSION AND RECOMMENDATIONS
The hydrogeological and hydrochemical criteria used in the present work highlighted clear symptoms and trends of water quality deterioration in the Nile River Delta area, which were caused by anthropogenic point and non-point sources of pollution. The trend of deterioration increases from the original River Nile Branches to the drains waters. The Nile water types reflect the predominance of bicarbonate alkaline earth waters with higher alkali contents, TDS range of 254-575 mg/l, with a general tendency towards nodominant water types. On the other hand, the drains waters are characterized by a relative higher salinity that may reach to 4160 mg/l or more, with a general trend of increase towards north. Also, certain modifications in the hydrochemical facies of the drains waters had been resulted, which are due to mixing with other polluted sources. Heavy metals in Nile and drains waters and bottom sediments of the Nile branches indicted that some metals exhibit alerting hazardous levels, which need more attention and further monitoring. Cluster statistical analysis elucidated that the chief pollutant sources in the Nile Delta had some commonality, as parameters like "anthropogenic activities" are getting widespread over the whole area of study. Certain short-term and long-term remediation policies must be undertaken to alleviate the surface water resources pollution in the River Nile Delta. Excessive Nile discharge within the Nile branches and some severely polluted irrigation drains could alleviate the problem of salinity and heavy metals accumulation or concentration. Irrigation waste water must be treated aggressively before reusing, which is already an on-going project in Egypt. Prohibition of the point sources of pollution from disposing their pollutants into any fresh water body within the Nile Delta, together with the application of efficient treatment techniques before disposing them into the saline water bodies, which will lead to a better remediation of the problem.
